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Background. Venous reflux can be elicited either manually or by pneumatic tourniquet, and previous studies did not
indicate any significant difference between these manoeuvres in patients with superficial venous insufficiency (SVI).
Purpose. To investigate if two methods correlate in patients with CVI.
Materials and Methods. Venous reflux was studied in 94 venous segments of 57 limbs in 52 consecutive patients with
SVI. Limbs were divided into two groups: group I (CEAP C2eC3) and group II (CEAP C4eC6). A colour duplex scanner
was used to determine quantitative venous reflux at the saphenoefemoral junction (SFJ), at the saphenoepopliteal junction
(SPJ), and in the greater saphenous vein in the thigh (GSV). Patients received both manual compression and cuff deflation
method in eliciting venous reflux. The parameters assessed were the duration of reflux (second) and the peak reflux velocity
(cm/s).
Statistics. Paired tetest was used to evaluate differences between the two methods. Statistical significance was recorded
when the pevalue was <0.05. Bland and Altman plot was also used to assess the agreement of the same measurement.
Results. There were 58 venous segments in group I and 36 in group II. In group I, there were no significant differences in
the duration of reflux at the SFJ, SPJ, and in the GSV. On the contrary, peak reflux velocity was found to be significantly
higher at the SFJ and in the GSV (p¼ 0.022 and 0.006, respectively). In group II, there was no significant difference in the
duration of reflux at the SFJ and SPJ between the two methods. On the contrary, manual compression maneuver produced
significantly higher peak reflux velocity than at the SFJ and in the GSV (p¼ 0.023 and 0.002, respectively). Bland and
Altman plot analysis, manual compression method displayed a relatively good agreement with cuff deflation manoeuvre
both in group I and group II. In contrast, concerning the peak reflux velocity, relative wide limits of agreement were found
between the two methods.
Conclusions. Unlike previously published reports, our results lead to apparent discrepancies in the quantitative evaluation
of venous reflux using different methodology.
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Duplex ultrasound was introduced in the 1980s as
a method of investigating the venous system. It has
become a useful noneinvasive tool for the evaluation
of venous insufficiency. Using duplex scanning, ve-
nous reflux can be elicited either manually or by
pneumatic tourniquet, and numerous studies have
led to the conclusion that venous reflux is present
when the duration of reflux 0.5 s.1e4 Szendro and
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compression of the calf muscles followed by sudden
release. Sarin and associates4 also used manual calf
compression in the standing position, and showed
that the duration of reflux in limbs with significant ve-
nous reflux exceeded 0.5 s in both the deep and super-
ficial veins. On the other hand, van Bemmelen and
colleagues2 studied the duration of deep venous
reflux using rapid inflation and cuff deflation, and
found that reflux in 95% of the limbs was <0.5 s.
Araki and colleagues5 performed an ultrasonographic
study of popliteal venous reflux and found no differ-
ence between the pneumatic tourniquet release and
the manual compression and release technique.
The reflux peak velocity is also important to assess
the magnitude of venous reflux, however, few haverved.
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thigh cuff deflation in eliciting this parameter. We
therefore elicited venous reflux using both manual
compression-release and distal cuff deflation manoeu-
vres to confirm if two methods correlate in patients
with superficial venous insufficiency (SVI), which is
the most common pattern of the venous valvular
reflux.
Materials and Methods
Patients
Between January and June in 2004, reflux was studied
in 94 venous segments of the 57 limbs in 52 consecu-
tive patients with SVI. The severity of venous disease
in these patients was were categorised according to
the clinical classification for reporting standards in
venous disease supported by the North American
Chapter of the Society for Vascular Surgery and Inter-
national Society for Cardiovascular Surgery.6 There
were 38 limbs with CEAP (Clinical, Etiologic, Ana-
tomical, and Pathophisiologic) C2, 6 with C3, 23
with C4, 1 with C5, and 4 with C6. The patients’ age
ranged from 39 to 86 years (mean, 61 years). Limbs
were divided into two groups: group I (CEAP C2e
C3) and group II (CEAP C4eC6).All the patients
underwent both manual calf compression release
and distal cuff deflation manoeuvres to elicit venous
reflux by one examiner (T.Y.), therefore this study
was not a blinded study.
Color duplex scannings
A colour duplex scanner (LOGIC 500MD, GE Medical
Systems,Milwaukee,WI.)witha5e10 MHz linear array
transducer was used to assess venous reflux at the sa-
phenoefemoral junction (SFJ), at the saphenoepoplitealjunction (SPJ), and in the greater saphenous vein in the
thigh (GSV).
In the first examination, the manual compression
release was applied using the methods described by
several investigators.1,4,7e10 The superficial veins were
assessed with the patients in the standing position
while holding onto a frame and supporting their
weight on the contralateral leg, distal manual com-
pression followed by sudden release was applied to
elicit reflux. When assessing SFJ, thigh squeeze fol-
lowed by sudden release was applied.
In the second examination, the pneumatic cuff
method was applied as described by van Bemmelen.2
Cuffs (Hokanson, Bellevue, Wash.) were placed
around the leg several centimetres distal to the venous
segment being studied and were rapidly inflated and
then deflated. On the thigh a pressure of 80 mm Hg
was used, on the calf 100 mm Hg was used. The ex-
aminations were performed with the patients stand-
ing, the cuffs were inflated for approximately 3 s,
and deflation occurs within 0.3 s.
The main duplexederived parameters assessed
were the duration of reflux (seconds), and the peak re-
flux velocity (cm/s). Venous reflux was assumed to be
present if the duration of reflux was 0.5 s.
Statistical analysis
All data were analyzed using StatView for Windows
(Version 5.0, SAS Institute Inc., Cary, NC). The data
were expressed as mean and SD, and a paired tetest
was used to evaluate differences between the two
methods. Statistical significance was recorded when
the pevalue was <0.05. Bland Altman plots (MedCalc
software, Mariakerke, Belgium) were also used to as-
sess the agreement of the same measurement. The
limits of agreement between the two methods were
defined as mean difference 1.96 SD.Table 1. Duplexederived duration of reflux and peak reflux velocity in group I
Duration of reflux (s) Peak reflux velocity (cm/s)
SFJ 23 segments manual 4.7 SD 1.8 (95% CI 3.9 to 5.5) 25.8 SD 10.4 (95% CI 21.3 to 30.3)
cuff 4.9 SD 1.6 (95% CI 4.2 to 5.6) 20.5 SD 8.3 (95% CI 16.9 to 24.1)
pevaluea 0.535 0.022
GSV 23 segments manual 5.1 SD 1.8 (95% CI 4.3 to 5.9) 45.4 SD 40.4 (95% CI 36.7 to 54.1)
cuff 5.6 SD 1.7 (95% CI 4.8 to 6.3) 38.6 SD 20.3 (95% CI 32.0 to 45.1)
pevaluea 0.074 0.006
SPJ 12 segments manual 8.9 SD 5.5 (95% CI 5.4 to 12.4) 33.1 SD 20.9 (95% CI 19.8 to 46.4)
cuff 9.4 SD 5.6 (95% CI 5.8 to 12.9) 30.9 SD 14.6 (95% CI 21.7 to 40.2)
pevaluea 0.172 0.478
Values expressed as mean and SD.
a Paired tetest.Eur J Vasc Endovasc Surg Vol 32, October 2006
464 T. Yamaki et al.Fig. 1. (A) Bland-Altman plot for duration of reflux at the SFJ between manual compression and cuff deflation method in
group I. (B) Bland-Altman plot for duration of reflux in the GSV between manual compression and cuff deflation method
in group I. (C) Bland-Altman plot for duration of reflux at the SPJ between manual compression and cuff deflation
method in group I. (D) Bland-Altman plot for peak reflux velocity at the SFJ between manual compression and cuff
deflation method in group I. (E) Bland-Altman plot for peak reflux velocity in the GSV between manual compression
and cuff deflation method in group I. (F) Bland-Altman plot for peak reflux velocity at the SPJ between manual compres-
sion and cuff deflation method in group I.Eur J Vasc Endovasc Surg Vol 32, October 2006
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There were 58 venous segments in group I and 36 in
group II. The venous reflux was detected in 23 seg-
ments at the SFJ, 23 in the GSV, 12 at the SPJ in group
I. Similarly, in group II, venous insufficiency was
found in 16 segments at the SFJ, 15 in the GSV, and
5 at the SPJ.
Table 1 shows the duplexederived parameters in
group I. There were no significant differences in the
duration of reflux at the SFJ, SPJ, and in the GSV.
On the contrary, peak reflux velocity was found to
be significantly higher at the SFJ and in the GSV
( p¼ 0.022 and 0.006, respectively).
Fig. 1 shows the Bland-Altman plot for manual
compression and cuff deflation method compared
with the difference method in group I. For the dura-
tion of reflux, differences between the manual com-
pression and the cuff deflation methods were 0.2 SD
1.5 s at the SFJ, 0.5 SD 1.3 s in the GSV, and 0.5 SD
1.2 s at the SPJ, respectively (Fig. 1AeC). Similarly,
for the peak reflux velocity, the differences between
the two methods were 5.3 SD 9.0 cm/s, 6.8 SD
10.8 cm/s, and 2.2 SD 10.1 cm/s, respectively
(Fig. 1DeF).
Table 2 shows the duplexederived parameters in
group II. At the SFJ and SPJ, there was no significant
difference in the duration of reflux between manual
compression and cuff deflation maneuver. However,
duration of reflux was found to be significantly longer
in the GSV ( p¼ 0.004). On the contrary, in the peak re-
flux velocity, manual compression maneuver pro-
duced significantly higher value than cuff deflation
method at the SFJ and in the GSV ( p¼ 0.023 and
0.002, respectively).
Bland and Altman plot were constructed between
manual compression and cuff deflation method in
Fig. 2. For the duration of reflux, the differences be-
tween the two methods were 0.2 SD 1.5 s at the SFJ,0.9 SD 1.0 s in the GSV, and 0.5 SD 0.5 s at the SPJ, re-
spectively (Fig. 2AeC). In contrast, for the peak reflux
velocity, the differences between the two methods
were 4.8 SD 7.6 cm/s, 9.8 SD 9.6 cm/s, and 2.9
SD 7.8 cm/s, respectively (Fig. 1DeF).
Discussion
The important variables that affect on venous exami-
nation using duplex scans are the patient’s position
and testing methods used for eliciting venous reflux.
In the 1980s early pioneers used the standing position
and either manual compression or a cuff deflation
technique.1e3 In the 1990s several investigators com-
pared the standing position with the supine position
in eliciting venous reflux, using both manual com-
pression and pneumatic cuff methods. Araki and col-
leagues5 measured the peak reflux velocity and the
duration of reflux in the popliteal vein with the pa-
tients in supine and standing positions, with manual
and pneumatic compression applied sequentially to
thigh and calf. They found that proximal compression
or supine position were less capable of discriminating
normal limbs from limbs with CVI, and that standing
distal calf compression provided the greatest sensitiv-
ity, specificity, and accuracy. However, they did not
find any significant difference between manual and
pneumatic compression. Masuda and associates11
investigated two comparable methods of testing,
Valsalva and rapid cuff deflation, performed in two
positions, 15edegree reverse Trendelenburg (RTe15)
and standing and found that the Valsalva method
was best performed in the RTe15, whereas the cuff
technique was more effective in the standing position.
And the higher velocities were obtained in the CFV by
Valsalva testing, and higher velocities in the popliteal
vein by the cuff technique. They found no significant
differences in the duration of reflux in any of theTable 2. Duplexederived duration of reflux and peak reflux velocity in group II
Duration of reflux (s) Peak reflux velocity (cm/s)
SFJ 16 segments manual 5.0 SD 3.6 (95% CI 3.1 to 6.9) 35.9 SD 21.5 (95% CI 24.5 to 47.4)
cuff 4.8 SD 2.8 (95% CI 3.4 to 6.3) 31.1 SD 20.4 (95% CI 20.3 to 42.0)
pevaluea 0.612 0.023
GSV 15 segments manual 4.3 SD 2.3 (95% CI 3.0 to 5.5) 55.5 SD 21.9 (95% CI 43.3 to 67.6)
cuff 5.2 SD 2.0 (95% CI 4.1 to 6.3) 45.7 SD 21.5 (95% CI 33.8 to 57.6)
pevaluea 0.004 0.002
SPJ 5 segments manual 4.9 SD 2.8 (95% CI 1.4 to 8.4) 37.5 SD 8.3 (95% CI 27.2 to 47.8)
cuff 5.4 SD 2.4 (95% CI 2.5 to 8.3) 40.4 SD 10.5 (95% CI 27.3 to 53.4)
pevaluea 0.069 0.478
Values expressed as mean and SD.
a Paired tetest.Eur J Vasc Endovasc Surg Vol 32, October 2006
466 T. Yamaki et al.Fig. 2. (A) Bland-Altman plot for duration of reflux at the SFJ between manual compression and cuff deflation method in
group II. (B) Bland-Altman plot for duration of reflux in the GSV between manual compression and cuff deflation method
in group II. (C) Bland-Altman plot for duration of reflux at the SPJ between manual compression and cuff deflation
method in group II. (D) Bland-Altman plot for peak reflux velocity at the SFJ between manual compression and cuff de-
flation method in group II. (E) Bland-Altman plot for peak reflux velocity in the GSV between manual compression and
cuff deflation method in group II. (F) Bland-Altman plot for peak reflux velocity at the SPJ between manual compression
and cuff deflation method in group II.Eur J Vasc Endovasc Surg Vol 32, October 2006
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flation in RTe15 and standing. But van Bemmmelen
and colleagues12 described that duration of reverse
flow can be longer even in patients with normal ve-
nous valves when reverse flow velocity is less than
30 cm/s or when patients are examined in supine
position.
Recent studies have shown that venous reflux can
be elicited either manually or by pneumatic tourni-
quet in a patient on standing position.7e10,13e15 In
the current study, we focused on patients with SFI be-
cause this is the most common pattern of CVI, and
previous studies related to these two methods had
focused mainly on deep vein reflux. In this study, we
found no difference in the duration of reflux between
two methods in group I. However, manual compres-
sion produced significantly higher peak reflux veloc-
ity at the SFJ and GSV. Similarly, in group II, there
was no significant difference in the duration of reflux
at SFJ and SPJ. In contrast, manual compression
showed significantly higher peak reflux velocity at
the SFJ and in the GSV. According to the Bland-
Altman plot analysis, the manual compression
method showed good agreement with the cuff defla-
tion manoeuvre both in group I and group II. In con-
trast, the peak reflux velocity showed wide limits of
agreement between the two methods. The differences
demonstrated by Bland-Altman plot analysis between
the two methods in group II were less than group I.
There are several factors that might contribute to
the observed lack of agreement. First, manual com-
pression requires diligent effort to achieve consis-
tency, and is particularly difficult in patients with
a thigh and calf of large circumference. Secondly,
there is no standard method to regulate compression
pressure and duration of compression used to elicit
venous reflux with the manual technique. Thirdly,
rapid manual compression release could produce
a larger reflux volume, leading to a high peak reflux
velocity. Forthly, precise positioning of the transducer
is more difficult without a cuff to compress the calf.
Therefore, the cuff deflation method is easier to stan-
dardise than manual compression. However, manual
compression is easy to perform, and is more comfort-
able for the patients.
In conclusion, the duration of reflux is similar
whether elicited by manual compression or the cuff
deflation method in the venous segments investigated
so far. In contrast, Bland-Altman plot showed relative
poor agreement between the two methods regarding
peak reflux velocity. In contrast to previouslypublished reports, our results lead to apparent dis-
crepancies in the quantitative evaluation of venous re-
flux using different methodology. Further detailed
investigations are needed regarding each duplexe
derived reflux parameter for the quantitative evalua-
tion of CVI.
References
1 SZENDRO G, NICOLAIDES AN, ZUKOWSKI AJ et al. Duplex scanning in
the assessment of deep venous incompetence. J Vasc Surg 1986;4:
237e242.
2 VAN BEMMELEN PS, BEDFORD G, BEACH K et al. Quantitative segmen-
tal evaluation of venous valvular reflux with duplex ultrasound
scanning. J Vasc Surg 1989;10:425e431.
3 VASDEKIS SN, CLARKE GH, NICOLAIDES AN. Quantification of
venous reflux by means of duplex scanning. J Vasc Surg 1989;
10:670e677.
4 SARIN S, SOMMERVILLE K, FARRAH J et al. Duplex ultrasonography
for assessment of venous valvular function of the lower limb.
Br J Surg 1994;81:1591e1595.
5 ARAKI CT, BACK TL, PADBERG FT et al. Refinement in the ultra-
sonic detection of popliteal vein reflux. J Vasc Surg 1993;18:
742e748.
6 EKLOF B, RUTHERFORD RB, BERGAN JJ, CARPENTIER PH, GLOVICZKI P,
KISTNER RL et al. American Venous Forum International Ad
Hoc Committee for Revision of the CEAP Classification. Revi-
sion of the CEAP classification for chronic venous disorders:
consensus statement. J Vasc Surg 2004;40:1248e1252.
7 LABROPOULOS N, LEON M, NICOLAIDES AN et al. Superficial venous
reflux: correlation of anatomic extent of reflux with clinical
symptoms and signs. J Vasc Surg 1994;20:953e958.
8 LABROPOULOS N, LEON M, GEROULAKOS G. Venous hemodynamic
abnormalities in patients with leg ulceration. Am J Surg 1995;
169:572e574.
9 YAMAKI T, NOZAKI M, SASAKI K. Color duplex ultrasound in the
assessment of primary venous leg ulceration. Dermatol Surg
1998;24:1124e1128.
10 YAMAKI T, NOZAKI M, FUJIWARA O et al. Comparative evaluation of
duplexederived parameters in patients with chronic venous
insufficiency: Correlation with clinical manifestations. J Am
Coll Surg 2002;195:822e830.
11 MASUDA E, KISTNER RL, EKLOF B. Prospective study of duplex
scanning for venous reflux: Comparison of Valsalva and pneu-
matic cuff techniques in the reverse Trendelenburg and standing
positions. J Vasc Surg 1994;20:711e720.
12 VAN BEMMELEN PS, BEDFORD G, BEACH K et al. The mechanism of
venous valve closure. Arch Surg 1990;125:617e619.
13 IAFRATI MD, WELCH H, O’DONNELL TF et al. Correlation of venous
noninvasive tests with the Society for Vascular Surgery/Inter-
national Society for Cardiovascular Surgery clinical classification
of chronic venous insufficiency. J Vasc Surg 1994;19:1001e1007.
14 RODRIGUEZ AA, WHITEHEAD CM, MCLAUGHLIN RL et al. Duplexe
derived valve closure times fail to correlate with reflux flow vol-
umes in patients with chronic venous insufficiency. J Vasc Surg
1996;23:606e610.
15 WELCH HJ, YOUNG CM, SEMEGRAN AB et al. Duplex assessment of
venous reflux and chronic venous insufficiency: The significance
of deep venous reflux. J Vasc Surg 1996;2:755e762.
Accepted 2 April 2006
Available online 5 June 2006Eur J Vasc Endovasc Surg Vol 32, October 2006
